Introduction
Temperature is one of the main environmental factors regulating and limiting plant growth. Basic Low summer temperature has been suggested to be a limiting factor for distribution of several vascular plants in Scandinavia, primarily due to the temperature effect on oxidative phosphorylation (Skre, i 979) . Generally, the temperature requirement for geneirative development (flowering and seed production) is higher than that for vegetative growth. Our knowledge on exact temperature requirements for growth of various woody species is limited and very little has been done to characterize the biochemical and physiological bases for growth at low temperature.
Much more research has been devoted to studies of low temperature as a limiting factor for survival of the trees. This is partly a question of the maximum level of hardiness in the species, partly a question of a proper timing of hardening and dehardening in relation to the annual temperature variation and partly a question of tolerance of unexpected periods of low temperature. Several extensive studies (see Sakai and Larcher, 1987, (Christersson, 1985) . In these areas, summer frost can be more injurious to forest trees than frost in winter. Generally, the frost tolerance of growing trees is very limited. There are, however, significant differences between species, but probably not between latitudinal provenances (Christersson, 1985 (Christersson, 1978 (Christersson, , 1985 Christersson et al., 1987; von Fircks, 1985) .
The degree of supercooling is dependent, in addition to the rate of cooling, upon the occurrence of heterogeneous ice nuclei. It has been suggested that plants do not contain intrinsic ice nuclei active above -8 to -11 °C (Lindow et al., 1982) , but such ice nuclei may well exist (cf. Andrews et al., 1986 (Lindow, 1983; Gusta, 1985) and this has stimulated studies on new methods to control frost injury to crops (Lindow, 1983; Hirano and Upper, 1985 (Weiser, 1970; Levitt, 1980) . Cessation of growth is a prerequisite for normal acclimation in many woody plants. Consequently, delayed growth cessation will retard acclimation and increase the probability of frost injury. This is illustrated in Table I for some spruce species and provenances, and in (Wareing, 1956; H g bjorg, 1975 ).
Although the critical photoperiod for cessation of growth is virtually unaffected by temperature (Heide, 1974) , the rate of response to photoperiod is dependent upon temperature and, under natural conditions, the observed growth cessation is related to a joint effect of total heat sum and night length (Koski, 1985 Graebe, 1986 Gusta, 1985 Seedlings were kept for two weeks at 18°C and 12 h h photoperiod before they were exposed to indicated temperature treatments. 15/6°C: diurnally alternating temperature, 12 h/12 h. LT 501 temperature for 50% survival. Each figure is the mean of 2 independent samples with 6-i buds. (Junttila and Kaurin, unpublished.) hardening (Aronsson, 1975; Christersson, 1978; Jonsson et al., 1981 (Paton et al., 1979 (Barnes and Davidson, 1988 ) and with P. sitchensis (Lucas et aL, 1988) (Table III) . Delayed acclimation in the southern ecotype is closely connected to delayed growth cessation. In some cases, too rapid deacclimation and/or spring bud break in relation to the local temperature conditions can be the main reason for cold injury (see Cannell et al., 1985 (Eriksson et al., 1978) . Recently, Norell et al. (1986) have published results supporting a polygenic inheritance of frost hardiness in P. sylvestris. Quantitative inheritance of cold hardiness is also supported by several studies with fruit crops (Stushnoff et al., 1985) .
Adaptation to climatic conditions is based on genetic mechanisms and usually takes several generations. There is, however, a possibility that significant changes can occur quite rapidly, and that we perhaps also have to be aware of longlasting physiological after-effects (Bjornstad, 1981; Johnsen, 1988) .
Deep supercooling
In the absence of heterogeneous ice nucleators, water can be undercooled until it freezes due to a homogeneous nucleation at about -38°C. Deep supercooling is a mechanism for avoiding freezing in the xylem of several deciduous hardwoods, in bark, in vegetative and flower buds of both hardwoods and conifers, and in seeds of various species (Burke et al., 1976; Junttila and Stushnoff, 1977; Sakai, 1978; Quamme, 1985 . According to Quamme (1985) , starch in the tissue may retain water within the cell during freezing until the point of homogeneous nucleation is reached. In floral primordia of azalea (George et al., 1974) , in peach flower buds (Ashworth, 1982) , and in winter buds of some conifers (Sakai, 1978) , certain morphological features of the buds seem to be essential for supercooling.
Membranes and frost resistance
It is generally assumed that the cell membranes are the primary target of frost injury (Steponkus, 1984 (Gusta, 1985 (Steponkus, 1984 (Steponkus, 1984) .
Membrane stabilization may include both changes in membrane fatty acids and accumulation of cryoprotective substances. Kacperska (1985) has presented a model for frost hardening in herbaceous plants consisting of two types of mechanisms: 1) mechanisms that allow plants to function at low non-freezing temperature, (i.e., maintenance of high membrane fluidity, mainly due to a rapid increase in the content of polyunsaturated fatty acids in membrane lipids); 2) mechanisms that protect a cell against deleterious effects of frost (i.e., accumulation of compounds that increase the stability of the membranes).
The plasma membrane (plasmalemma) and the tonoplast are in many cases the primary sites of frost injury, but especially in conifers the frost resistance of the thylakoid membranes can be of great importance. Frost on cold-acclimated Scots pine can cause both reversible and irreversible inhibitions of photosynthesis (Strand, 1987) . The reversible effect can be due to inactivation of enzymes in photosynthetic carbon reduction cycle and/or a restriction of photophosphorylation. The irreversible effect is thought to be due to an injury to the thylakoid membranes involving damage to the Q B -protein (Strand, 1987; bquist, 1987 (Sundbom ef al., 1982) .
Future aspects
Development of tissue and cell suspension cultures has provided new possibilities for selection and manipulation of cold hardiness. These techniques make it possible to work with an almost unlimited number of genotypes which should increase the probability of finding more hardy genotypes. In spite of the promising aspects (Chen and Gusta, 1986) (Stushnoff et al., 1985) , there was no difference in frost hardiness of ungerminated seeds of these cultivars (Junttila and Stushnoff, unpublished (Strom et al., 1986; Giaever et al., 1988) 
